INTRODUCTION {#sec1-1}
============

Cervical cancer is an important global public health problem and approximately 80% of the cases are diagnosed in developing countries.\[[@ref1]\] Human papillomavirus (HPV) is found in virtually 100% of invasive cervical cancer cases and over 60% of cervical intraepithelial neoplasia (CIN).\[[@ref2][@ref3]\] More than 200 types have been reported and 16 types that are commonly isolated from malignant lesions are classified as high risk (hr) types.\[[@ref4]\] While the probability of tumorigenesis is different among various hrHPV types, 16 and 18 are more strongly associated with invasive cancer.\[[@ref5]\] Various polymerase chain reaction (PCR) based studies have been carried out in different countries for elucidating the clinical implications of HPV infection and the role of HPV in the pathogenesis of cervical carcinoma using cervical tissues and HPV deoxyribonucleic acid (DNA) can be detected successfully in formalin fixed paraffin embedded (FFPE) archival specimens using PCR-based methods.\[[@ref6]--[@ref8]\]

Clinical trials to test the efficacy of prophylactic vaccines targeting two oncogenic HPV types, 16 and 18 has created an immediate need for genotyping of tissues to co-localize HPV infections and their associated lesions. Moreover, as prophylactic vaccines are expected to provide minimal protection against untargeted types, elucidating the attribution of cervical lesions to HPV types can provide insights in vaccine trials. Hence, co-localization of hrHPV type 16/18 infection and cervical lesion in women with abnormal Pap smear results may help in assessing the effectiveness of current prophylactic vaccines with limited type specific spectra.

Bangladesh is a densely populated country. Routine screening of cervical cancer is yet to be developed here and there is little awareness among the general population, health care professionals and policy makers about cervical cancer prevention. Due to lack of an organized cervical cancer screening system and low screening coverage, immunization against the most prevalent hrHPV types affecting the country may be an efficient means to long term prevention. In a hospital based study of Bangladesh, 96.7% of 120 cervical cancer cases, 83.3% of 36 cases of CIN 2/3 cases and 4.1% of 120 control women were HPV positive by hybridization.\[[@ref9]\] However, up until now HPV type 16/18 genotype distribution in the cervical lesions of Bangladeshi women is uncertain.\[[@ref10]\]

The present study was designed to determine the extent to which hrHPV type 16 and 18 infection was present in the cervical tissues of women with abnormal cytology at a tertiary hospital in Bangladesh and to establish an association between hrHPV 16 and 18 infection and cyto-histomorphology.

MATERIALS AND METHODS {#sec1-2}
=====================

Study setting and specimen collection {#sec2-1}
-------------------------------------

The study was carried out in the Department of Pathology of Chittagong Medical College, Chittagong, Bangladesh. A total of 1699 Pap smear slides were received from the Gynae Outpatient Department (GOPD) from February to September, 2010. All these women visited GOPD with various gynecological complaints and not for routine cervical cancer screening purpose. Cervical sample collection and smear preparation was performed at GOPD and Pap staining of the smeared slide, microscopic examination and reporting was done at the Department of Pathology, Chittagong Medical College.

Cytological reporting was done according to the 2001 revised Bethesda System.\[[@ref11]\] Epithelial cell abnormality was detected in 139 cases and 48 of them had routine histopathological examination performed. One of the women was advised to undergo repeat biopsy due to tissue inadequacy and as she did not return she was excluded from further study. For the purpose of this study following histopathological categories were used: \< CIN 1, CIN 1, ≥CIN 2 (including carcinoma). All cytopathological and histopathological slides were examined and reported by at least three expert pathologists.

DNA extraction and PCR assay {#sec2-2}
----------------------------

DNA was extracted from 47 FFPE tissue samples with the commercial Extra-DNA-Sorb-B tissue kit (Sacace Biotechnologies Srl 44 Scalabrini Str, 22100 Como, Italy) following the manufacturer's protocol. The extracted DNA was 50 μl for each sample and stored at −20°C for further analysis.

Multiplex PCR was done with HPV 16/18 Real-TM Quant kit (Sacace Biotechnologies Srl 44 Scalabrini Str, 22100 Como, Italy). The target region was E7 gene. PCR amplification was carried out in 25 μl reaction volume using the Real Time Thermal Cycler (model: RotorGene 6000, Corbett Research, Australia). Thermal cycling consisted of a preliminary hold temperature of 95°C for 15 min, followed by 45 cycles comprising 15 s at 95°C and 35 s at 60°C. Negative control, positive control and internal control were supplied with the kit and used according to the protocol. The β-globin gene was used as internal control. Results were interpreted with software Rotor Gene 6000 version 1.7 Build 34 (Corbett Research, Mortlake, New South Wales, Australia). PCR-safe precautions were taken.

Statistical analysis {#sec2-3}
--------------------

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) (SPSS Inc., Wacker Drive, Chicago, US) version 18.0 for windows. To verify the association between HPV 16/18 infection and cervical lesion of women with epithelial cell abnormality, Chi-square test (χ^2^ test) was performed and P \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Epithelial cell abnormality was detected in a total of 139 (8.18%) cases. Age range of these women was 21-70 years (mean age 41.97) with 53.96% (75 out of 139) being \< 45 years and 46.04% (64 out of 139) being ≥45 years of age \[[Table 1](#T1){ref-type="table"}\].

###### 

Age group distribution of epithelial cell abnormality in Pap smear
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Routine histopathology revealed a wide range of diagnosis from simple inflammation to CIN 3 lesions and frank malignancy \[[Table 2](#T2){ref-type="table"}\]. PCR analysis of 47 cervical tissue specimens revealed HPV 16/18 infection in a total of 19 (40.4%) cases while 28 (59.6%) cases turned out to be HPV 16/18 negative. Among the hrHPV 16/18 positive women, 4 out of 5 cases (80%; 4/5) were of 20-29 years, 7 out of 25 cases (28%; 7/25) were of 30-44 years and 8 out of 17 cases (47.06%; 8/17) were of ≥45 years of age \[[Table 3](#T3){ref-type="table"}\]. Individually type 16 and type 18 were positive in 7 (14.9%) cases each and dual infection with type 16 and 18 were seen in 5 (10.6%) cases \[[Figure 1](#F1){ref-type="fig"}; [Table 4](#T4){ref-type="table"} and [Table 5](#T5){ref-type="table"}\].

###### 

Outcome of cervical tissue examination among the women with epithelial cell abnormality (*n*=47)
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###### 

HPV type 16 and/or 18 DNA status according to age group (*n*=47)
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###### 

HPV 16 and histopathological diagnoses
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###### 

HPV 18 and histopathological diagnoses
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While \< CIN 1 and CIN 1 lesions showed 35% (7 out of 20) and 18.75% (3 out of 13) positivity, ≥CIN 2 cases revealed positivity of 81.82% (9 out of 11). Of the 28 negative cases 92.86% were in \< CIN 1 and CIN 1 category. However, two negative cases were diagnosed as ≥CIN 2 lesions \[[Table 6](#T6){ref-type="table"}\].

###### 

Histopathological result and hrHPV 16/18 detection in relation to abnormal Pap result (*n*=47)
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![Human papillomavirus 16/18 deoxyribonucleic acid status in 47 cervical tissues of Pap positive cases](CJ-10-14-g007){#F1}

DISCUSSION {#sec1-4}
==========

To date there is no published data from Bangladesh regarding HPV genotype distribution in cervical premalignant and malignant lesions. A study by Khatun *et al.*,\[[@ref12]\] revealed that 27% of the various cervical lesions ranging from inflammation, koilocytic changes to invasive cancer were positive for hrHPV types that included type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68 by hybrid capture method. However, type-specific involvement could not be ascertained. Herein, we report for the first time on the distribution of hrHPV type 16/18 infection in Bangladeshi women with epithelial cell abnormality in Pap smear. The study included 1699 women who had undergone cervical cytology at a tertiary hospital in Bangladesh and 139 (8.18%) of them were found to have epithelial cell abnormality with bulk of the abnormality being found in the ≥45 years of age and low grade squamous intraepithelial lesion (LSIL) being the most frequent abnormality detected.\[[@ref13]\] Forty eight of these women had their tissue examination done. PCR was done to find out the extent of HPV 16/18 infection and its association with cytohistomorphology. Around 40% of women with epithelial cell abnormality in Pap smear were associated with hrHPV 16/18 infection.

Determination of type specific HPV prevalence constitutes an important step towards guiding the selection of vaccine candidates for cervical cancer prevention and studying the oncogenic function of each genotype. It is well known that HPV 16 and 18 are the most predominant hrHPV type found in cervical cancer tissue around the world, while the prevalence of the other hrHPV types varies widely among different population and from one region to another. Again geographical differences also contribute to HPV type distribution in CINs globally.\[[@ref14]\] However, worldwide estimates showed that HPV 16 accounted for 45.4% of all high grade lesions.\[[@ref15]\] Greater variability can be seen in the other HPV type ranking positions. While world-wide, in Africa and Europe HPV 31 and HPV 33 were the second and the third most common types, these ranking positions corresponded to HPV 58 and HPV 18 in Latin America and the Caribbean, HPV 6 and HPV 18 in Northern America, HPV 58 and HPV 52 in Asia and HPV 31 and HPV 18 in Oceania.\[[@ref15]\]

In our study, 19 of 47 women revealed hrHPV type 16 and/or 18 DNA. Twenty-eight (around 60% cases) patients were negative for hrHPV type 16/18 DNA. The raised prevalence of HPV 16/18 infection in women of ≥45 years of age may be related to reactivation of latent infection due to immune senescence and to new infection acquired in middle age. An interesting finding of our study is an equal prevalence of type 16 and 18 infection. Furthermore, it is to be noted that this study was carried out in women who were never screened for cervical cancer and all had epithelial cell abnormality in Pap smear.

In this study, among the 35 LSIL cases, 30 (85.7%) were in the \< CIN 1 (15 cases) and CIN 1 (15 cases) category and 5 showed ≥CIN 2 lesions. Routine histopathology of the 10 cytologically high grade lesions, revealed 4 \< CIN 1 and 6 ≥ CIN 2 lesions. In three high grade squamous intraepithelial lesion (HSIL) cases, histologically included in \< CIN 1 lesion, PCR was positive for hrHPV 16/18 infection. This may be linked to sampling error and/or latent infection. In our study the prevalence of ≥CIN 2 lesions identified among women with LSIL and HSIL was 14.29% and 43%, respectively. This may vary considerably from study to study and be influenced by factors like patient population, methodology used and cytological interpretation.\[[@ref16]\] Although useful clinically, the traditional CIN gradation is limited by subjectivity and poor reproducibility. Besides, histopathological interpretation may be limited by incorrect biopsy placement or failure to select the lesional area from the resected specimens. While visual patterns are not very helpful in guiding biopsy placement, obtaining more biopsies might increase the chance of finding the worst lesion. Again, the required number of biopsies for most efficient and reliable disease detection is still an issue of debate.\[[@ref17]\]

Among the 11 histologically confirmed high grade lesions and malignancy, HPV type 16 and 18 was found in 3 (27.27%) and 2 (18.18%) cases, respectively with dual infection being present in 4 (36.36%). Around 80% positivity was found in ≥CIN 2 lesions. In our study, a total of 6 malignant cases were diagnosed in the Pap smear cytology of which we received tissue from only 3 cases. Histopathologically 1 was carcinoma in situ (CIS) and 2 were invasive cancer. One invasive cancer was HPV 18 positive and the other had double infection with HPV type 16 and 18. However, the CIS case turned out to be negative. Overall 92.86% of the negative cases (26 out of 28) were in the \< CIN 1 and CIN 1 category. Interestingly, two negative cases were in the ≥CIN 2 category indicating the presence of other hrHPV type. Again, the possibility of a different prevalence pattern of HPV type 16/18 infection cannot be ruled out in this population. A significant association was noted between hrHPV 16/18 infection and high grade cervical lesions of women with epithelial cell abnormality in Pap smear.

Ours is a hospital based study done in a microenvironment. It was not feasible to assess the association of hrHPV type 16/18 infection in the cervical tissue of all the 139 women and there is every chance that those who did not undergo DNA testing can be harboring the infection. Long-term follow-up of CIN 3 cases showed that most do not develop into cervical cancer.\[[@ref18]\] Therefore, future research on hrHPV DNA analysis of the cancer cases could be of great importance. Even then, in an over populated country like Bangladesh where women are usually married in their teens, have a high parity and are unaware of the importance of cervical cancer screening system, this study can provide an indication of the burden of hrHPV 16/18 infection prevailing here. Advanced, multi centered, large scale, nationwide genotyping studies including all hrHPV types are in demand for future epidemiological study and selection of vaccine strains.

CONCLUSION {#sec1-5}
==========

Finally, this study suggests that the current HPV vaccination is expected to trim down the burden of hrHPV type 16/18 related cervical lesions in our population. Though, the analyses of this study relied on a limited number of cases the findings will contribute to HPV 16/18 knowledge in Bangladesh that will be useful in assessing the success of current vaccines with narrow type spectra and augmenting cervical cancer screening strategies.
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